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Wheat genotypesAbstract Leaf rust caused by Puccinia triticina Eriks., is one of the main diseases of wheat (Trit-
icum aestivum L.) in Egypt, causing up to 50% of yield losses. Genetic resistance is the most eco-
nomic and effective means of reducing yield losses caused by the disease. However, breeding
genotypes for disease resistance is a continuous process and plant breeders need to add new effective
sources to their breeding materials. Among 42 Egyptian wheat varieties screened for leaf rust resis-
tance, only 9 varieties (Sakha94, Giza168, Gemmiza9, Gemmiza10, Gemmiza11, Sids12, Sids13,
Misr1 and Misr2) exhibited seedling and adult plant resistance during 2010/11 and 2011/12 growing
seasons. Out of 41 monogenic line (Lr genes) tested, only 13 Lr genes (Lr9, Lr10, Lr11, Lr16, Lr18,
Lr19, Lr26, Lr27, Lr29, Lr30, Lr34, Lr42 and Lr46) exhibited seedling resistance while, 9 Lr genes
(Lr19, Lr20, Lr21, Lr24, Lr29, Lr30, Lr32, Lr34 and Lr44) showed adult plant resistance at both
growing seasons. This result may add a depth of their resistance to be exploited as good sources
of resistance. Partial resistance traits of wheat seedlings were present in 12 varieties (Sids12, Misr2,
Sakha94, Misr1, Sids13, Giza168, Gemmiza9, Sids7, Beniswef4, Sakha93, Gemmiza11 and Sids6),
recording the longest incubation and latent period. However, 10 varieties (Sakha8, Sakha93,
Giza144, Giza155, Giza156, Giza157, Sids4, Sids5, Sids8 and Beniswef4) were marked as having
high level of partial resistance of adult plant, recording ACI less than 20%, AUDPC less than
332.5 and r-value less than 0.101. The highest signiﬁcant loss percentages were found in susceptible
wheat cultivars i.e. Gemmiza7, Sakha61 and Giza164 (12.24%, 12.10% and 9.08%, respectively).
However, insigniﬁcant loss percentages were found in resistant cultivars i.e.Giza168 (1.87%), Misr2
(2.44%) Sakha94 (2.46%). Inverse relation was present between the disease level and grain yield.
30 I.S. Draz et al.Cultivating of resistant cultivars such as Misr2, Giza168 and Sakha94 is recommended to escape
heavy yield losses wreaked by the leaf rust disease.
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licenses/by-nc-nd/4.0/).Introduction
Wheat (Triticum aestivum L.) is a host for three rust diseases,
stripe, leaf and stem rust. Leaf rust disease is considered the
most common and widely distributed of the three wheat rusts
and has become more serious problem of wheat causing great
losses in grain yield (Huerta-Espino et al., 2011). The signiﬁ-
cance of disease, in particular, depends upon the prevalence
of aggressive and/or virulent races of the pathogen as well as
their afﬁnity or compatibility with the genetic constitutions
of the host in a given environment. Therefore, the cultivated
Egyptian wheat varieties have suffered from sudden epidemics
during the last decades from the perspective of change in
weather conditions in relation to the genetic makeup of both
host and parasite (El-Daoudi et al., 1987). The leaf rust epi-
demic in Egypt was recorded during 1945 and 1968 (Abdel-
Hak and Kamel, 1972).
Leaf rust of wheat is caused by the fungus Puccinia triticina
Eriks. (syn. P. recondita Rob. Ex Desm. f. sp. tritici Eriks. and
Henn.) which attacks the leaf blades, although it can also
infect the leaf sheath and glumes in highly susceptible cultivars
(Huerta-Espino et al., 2011). Leaf rust disease decreased num-
bers of kernels per head and lower kernel weights (Roelfs et al.,
1992; Marasas et al.,2004; Kolmer et al., 2005). Early infection
of leaf rust on wheat generally causes higher yield losses;
60–70% infection on the ﬂag leaf at spike emergence may
account for a yield loss of more than 30%. Bajwa et al.
(1986) reported that losses in kernel weight of wheat varieties
due to leaf rust infection ranged between 2.0% and 41%
according to the level of resistance or susceptibility.
Egypt is located in the epidemiological zone of leaf rust
(Saari and Prescott, 1985) where yield losses of wheat could
reach 50% (Abdel-Hak et al., 1980). Such disease eliminated
many wheat cultivars such as Giza139, Chenab70, SuperX,
Giza158 and Giza160 (Nazim et al., 1983). Plant breeding
for disease resistance is one of the most important methods
for diminishing the yield loss of wheat.
Resistance expression depends on the host–parasite interac-
tion, environmental conditions, plant growth stage and the
interaction between resistance genes in wheat genome
(Kolmer, 1996). Most of 60 leaf rust resistance genes confer
race-speciﬁc resistance in a gene-for-gene manner (McIntosh
et al., 2007). However, wheat varieties relying on race-speciﬁc
resistance often lose effectiveness within a few years by impos-
ing selection for virulent leaf rust races. In addition, the culti-
vation of a large area of susceptible wheat cultivars allows a
large leaf rust population to proliferate, creating a reservoir
for mutation and selection (Kolmer et al., 2005).
New sources of resistance could be incorporated into wheat
to diverse the existing gene pool for leaf rust resistance (Singh
et al., 1998). The genes found effective against leaf rust may be
deployed singly or in combination with high yielding genes to
develop high-yielding resistant wheat cultivars in wheat-grow-ing areas in where leaf rust races have the same virulence pro-
ﬁle to the prevalent race/s. Genetic resistance is the most
economic and effective means of reducing yield losses caused
by leaf rust disease (Liu and Kolmer, 1997b). Singh et al.
(1991) reported that loss in grain yield due to leaf rust of wheat
could be reduced in levels similar to those of hypersensitive
resistant genotypes by the use of partial resistance which give
long-lasting resistance at a negligible costing yield that is in
sufﬁcient to justify the use of fungicide. Also, Herrera-
Foessel et al. (2006) found that mean yield losses for suscepti-
ble, race-speciﬁc, and slow-rusting genotypes were 51%, 5%,
and 26%, respectively, in the normal sowing date trial and
71%, 11%, and 44% when sown late.
The present work aimed to screen wheat genotypes for leaf
rust resistance at seedling and adult plant stages along with
grain yield, seeking for new sources of resistance to escape
heavy yield losses wreaked by the leaf rust disease.
Material and methods
Different wheat genotypes including 42 Egyptian varieties
(Table 1) and 41 monogenic lines (Table 2) were screened for
leaf rust resistance at both seedling and adult plant stages dur-
ing two successive growing seasons, 2010/11 and 2011/12.
Seeds of all wheat genotypes were obtained from Wheat Dis-
ease Research Department, Plant Pathology Research Insti-
tute, Agricultural Research Centre, Egypt.
Seedling resistance investigation
Seedling response to leaf rust was investigated at the Green-
house of Wheat Disease Research Department, Sakha Agricul-
tural Research Station, Agric. Res. Centre during 2010/11 and
2011/12 growing seasons. The experiment was carried out in a
completely randomized design with three replicates. Grains of
the tested wheat varieties and lines (Tables 1 and 2) were sown
in plastic pots (10 cm. diam.). Each pot received 10 kernels in a
clay soil. Eight-days-old seedlings were inoculated with viru-
lent race of P. triticina (TTTTT) using urediniospores as
described by Stakman et al. (1962). The inoculated plants were
incubated in a dark dew chamber overnight at 18 C, then
moved to the benches in the greenhouse and maintained at
19–22 C and 95–100% relative humidity. Light intensity was
supplied at about 7600 lux in a photoperiod of 16 h light
and 8 h dark (Ohm and Shaner, 1976). Seedings were kept
under observation until the development of rust pustules.
Seedling response was scored two weeks after inoculation
based on the infection types expressed on each entry. The
infection types 0, 0;, 1, 2, 3, 4, and X (Table 3) as described
by Johnston and Browder (1966) were used for disease assess-
ment. Plants with the infection types 0, 0;, 1 and 2 were consid-
ered resistant response (R), while infection types 3, 4 and X
were considered susceptible ones (S).
Table 1 List of the tested Egyptian wheat varieties and their pedigrees.
No. Variety Pedigree
1 Sakha 8 Indus 66 ·Norteno ‘‘S’’-Pk 348
2 Sakha 61 Inia–RL4220//7C/YR ‘‘S’’ CM15430-25-55-0S-OS
3 Sakha 69 Inia/RL 4220//7C/Yr ‘‘S’’ CM 15430-25-65-0S-0S
4 Sakha 88 KVZ/TI/3/MAYA74 ‘‘S’’//BB/TNTA
5 Sakha 92 NAPO63/TNT1A66//WERN ‘‘S’’
6 Sakha 93 Sakha 92/TR 810328 S 8871-1S-2S-1S-0S
7 Sakha 94 Opata/Rayon//Kauz CMBW9043180-OTOPM-3Y-010M-010M-010Y-10M-015Y-0Y
8 Giza 139 HID190/KENYA256G
9 Giza 144 REGENT/G.139
10 Giza 150 MIDA-CADET/2*GIZA139
11 Giza 155 REGENT/2*GIZA139//MICADET/2*HIND162
12 Giza 156 RIO NEGRO/2*MENATANE//KENYA/3*2GIZA135/LTNE950
13 Giza 157 GIZA155//PIT62/LR64/3/TZPP/KNOTT
14 Giza 160 Chenab 70/Giza 155
15 Giza 162 Vcm//Cno 67/7C/3/Kal/Bb CM8399-D-4M-3Y-1M-1Y-1M-0Y
16 Giza 163 T. aestivum/Bon//Cno/7CCM33009-F-15M-4Y-2M-1M-1M-1Y0M
17 Giza 164 KVZ/Buha ‘‘S’’//Kal/Bb CM33027-F-15M-500y-0M
18 Giza 165 0Mcno/Mfd//Mon ‘‘S’’ CM43339-C-1Y-1M-2Y-1M-2Y-0B
19 Giza 167 Au/UP301//G11/SX/Pew‘‘S’’/4/Mai‘‘S’’/May‘‘S’’//Pew‘‘S’’CM67245-C-1M-2Y-1M-7Y-1M-0Y
20 Giza 168 MIL/BUC//Seri CM93046-8M-0Y-0M-2Y-0B
21 Gemmiza 1 Maya74/0n//1160-147/3/Bb/1991Gall/4/chat‘‘S’’CM58924-IG OG
22 Gemmiza 3 Bb/7C*2//Y50/KaL*3//Sakha8/4/Prv/WW/5/3/Bg/‘‘S’’//ONCG. 4024-IG-13G-2G-0G
23 Gemmiza 5 Vee‘‘S’’/SWM6525CG.4017-1G-6G-3G-0G
24 Gemmiza 7 CMH74A.630/5X//Seri82/3AgentCG.4611-2G.-3G.-1G.-0CM
25 Gemmiza 9 Ald‘‘S’’/Huas//CMH74A.630/SxCG4583-5G-1G-0G
26 Gemmiza10 Maya74‘‘S’’/on/1160-147/3/Bb/G11/4/chat‘‘S’’/5/crow‘‘S’’ CG5820-3G-1G-2G-0G
27 Gemmiza11 BOW ‘‘S’’/KVZ ‘‘S’’//7C/SERI82/3/GIZA168/SKHA61
28 Sids 1 HD2172/Pavon‘‘S’’//1158.57/Maya74‘‘S’’SD46-4Sd-2SD-1SD-0SD
29 Sids 2 HD2206/HORK ‘‘S’’/3/NAPO63/NAPO63/INIA66//WREN ‘‘S’’
30 Sids 3 SAKA69/GIZA155
31 Sids 4 Maya ‘‘S’’ Mon ‘‘S’’/CMH74. A592/3/Giza 157* 2
32 Sids 5 MAYA ‘‘S’’/MON ‘‘S’’/MON ‘‘S’’//CMH74.592/3/GIZA157*2
33 Sids 6 Maya ‘‘S’’/Mon ‘‘S’’//CMH74A.592/3/Sakha8*2
34 Sids 7 Maya ‘‘S’’/Mon ‘‘S’’//CMH74A.592/3/Sakha8*2
35 Sids 8 Maya ‘‘S’’ Mon ‘‘S’’/CMH74. A592/3/Sakha 8*2SD10002-14SD-3SD-1SD-0SD
36 Sids 9 Maya ‘‘S’’ Mon ‘‘S’’/CMH72.428/MRC//JIP/3/CMH74 A582/5/Giza157*2SD10003
37 Sids 12 BUC//7C/ALD/5/MAYA74/ON//1160-147/3/BB/GLL/4/CHAT ‘‘S’’/6/MAYA/VUL//CMH74A.630//4*SX
38 Sids 13 AMAZ19=KAUZ‘‘S’’//TSI/SNB‘‘S’’
39 Shandwel 1 SITE/MO/4/NAC//3*PVN/3/MiRLO
40 Misr 1 OASIS/SKAUZ//4*BCN1312*PASTOR
41 Misr 2 SKAUZ/BAV92
42 Beniswef 4 DIPPERZ/BUSHEN3
Screening of wheat genotypes for leaf rust resistance 31Partial resistance traits of the tested Egyptian wheat varie-
ties (Table 1) were estimated at seedling stage using two
parameters i.e. incubation period (IP) and latent period (LP)
according to Parlevliet (1975). The incubation period was mea-
sured by calculating the period (day) between inoculation and
the appearance of a visible reaction on plant. Latent period
was measured by counting the number of visible pustules on
marked leaves daily until no more pustules appeared. The time
between inoculation and 50% visibility of the pustule was esti-
mated as LP.Adult plant resistance investigation
Adult plant resistance to leaf rust was investigated at the
Experimental Farm of Wheat Disease Research Department,
Sakha Agricultural Research Station, Agric. Res. Center of
Egypt. Grains of all genotypes were sown 15 days after theregular sowing date (the ﬁrst half of December). The tested
varieties were sown in experimental units (plots) containing
three rows with 3 m long and 30 cm apart as 40 g of grains/
row. The experiment was designed in a complete randomized
block design with three replicates. All plots were surrounded
by a spreader area of one meter in width planted with the
highly susceptible variety Morocco. All recommended cultural
practices in the commercial ﬁelds i.e. fertilization, irrigation
and other management were applied. The inoculation of plants
was carried out at booting stage according to Tervet and
Cassell (1951). The spreader plants were moisturized by a ﬁne
spray with water then dusted with urediniospores powder
mixture of P. triticina isolates representing the most prevailing
races in Egypt (one volume of fresh urediniospores mixture, 20
volume of talcum powder). Dusting was carried at sunset
before dew onset. Inoculation was done during the second half
of February at the 7–8th growth stages adopted by Large
(1954).
Table 2 List of the tested monogenic wheat lines (Lr genes),
source and rust laboratory number (RL No.) cited by
McIntosh et al. (1995).
No. Lr gene Source RL No.
1 Lr1 TC*6/Centenatrio RL6003
2 Lr2a TC*6/Webster RL6016
3 Lr2b TC*6/Carina RL6019
4 Lr2c TC*6/Loros RL6047
5 Lr3 TC*6/Democrat RL6002
6 Lr3ka TC*6/Aniversario RL6007
7 Lr9 Transfer/6*TC RL6010
8 Lr10 TC*6/Exchange RL6004
9 Lr11 TC*6/El Gaucho RL6048
10 Lr12 Exchange/6*TC RL6011
11 Lr13 TC*7/Frontana RL4031
12 Lr14b Selkirk/6*TC RL6006
13 Lr15 TC*6/Kenya1483 RL6052
14 Lr16 TC*6/Exchange RL6005
15 Lr17 Klein Lucero/6*TC RL6008
16 Lr18 TC*7/Africa 43 RL6009
17 Lr19 TC*7/Tr RL6040
18 Lr20 TC*6/Timmo RL6092
19 Lr21 TC*6/RL5406 RL6043
20 Lr22a TC*6/RL5404 RL6044
21 Lr22b Thatcher RL6161
22 Lr23 Lee FL310/6*TC RL6012
23 Lr24 TC*6/Agent RL6064
24 Lr25 TC*7/Transec RL6084
25 Lr26 TC*6/ST-1.25 RL6078
26 Lr27 CS*6/Hope 3B RL6078
27 Lr28 TC*6/C77.1 RL6079
28 Lr29 TC*6/CS7AG#11 RL6080
29 Lr30 TC*6/Terenzio RL6049
30 Lr32 TC*7/Marquis-K RL5497
31 Lr33 TC*6/PI58548 RL6057
32 Lr34 TC*6/Lageadinho RL6058
33 Lr35 Marquis-K*8/RL5347 RL5711
34 Lr36 Neepwa*5/T. speltoides RL6083
35 Lr37 TC*8/VPMI RL6081
36 Lr40 WGRC07 WGRC07
37 Lr41 WGRC10 WGRC10
38 Lr42 WGRC11 WGRC11
39 Lr43 WGRC16 WGRC16
40 Lr44 TC*6/T. spelta RL6147
41 Lr46 Pavon 76 RL6148
32 I.S. Draz et al.When rust symptoms were fully developed (nearly at the
early dough stage, Large, 1954), the leaf rust data of adult
plant reaction were scored as plant response and rust severity
combined together. Plant response was expressed in ﬁve infec-
tion types according to Johnston and Browder (1966)Table 3 Infection types of wheat leaf rust used in disease assessme
Infection type Host response
0 Immune
0; Nearly immune
1 Very resistant
2 Moderately resistant
3 Moderately susceptible
4 Very susceptible
X Heterogeneousi.e. Immune (0), no uredia or other macroscopic sign of infec-
tion, Resistant (R), small uredia surrounded by necrosis, Mod-
erately Resistant (MR), small to medium uredia surrounded
by chlorosis or necrosis, Moderately Susceptible (MS),
medium-sized uredia that may be associated with chlorosis
and Susceptible (S), large uredia without chlorosis or necrosis.
Rust severity was expressed as percentage coverage of leaves
with rust pustules following Cobb’s scale modiﬁed by
Peterson et al. (1948).
Partial resistance to leaf rust was investigated in Egyptian
wheat varieties which exhibited susceptibility among all the
varieties tested (Table 1). When the spreader plants were
50% infected, the leaf rust data were scored four times for dis-
ease severity (DS) as percentage coverage of leaves with rust
pustules using Cobb’s scale modiﬁed by Peterson et al.
(1948) at weekly intervals.
Partial resistance (slow rusting) behavior was assessed
through host response and epidemiological parameters esti-
mates i.e. average coefﬁcient of infection (ACI), area under
disease progress curve (AUDPC) and rate of leaf rust increase
(r-value).
Average coefﬁcient of infection (ACI) was calculated
according to Saari and Wilcoxson (1974) and Pathan and
Park (2006) by multiplying of disease severity (DS) and con-
stant values of infection type (IT). The constant values for
infection types were used based on; R = 0.2, MR= 0.4,
M= 0.6, MS = 0.8 and S = 1.0.
Area under disease progress curves (AUDPC) was esti-
mated to compare different responses of the tested genotypes
using the following equation adopted by Pandey et al. (1989),
AUDPC ¼ D 1=2ðY1 þ YkÞ þ Y2 þ Y3 þ   Yk1½ 
where D= days between reading; Y1 = ﬁrst disease recording;
Yk = last disease recording.
Rate of leaf rust increase (r-value) as a function of time was
also estimated to determine the ability of the tested genotype
to affect the development of leaf rust infection under ﬁeld con-
ditions. It was calculated from the different rust scores as a
severity of leaf rust infection at the time of rust pustules
appearance and every seven days thereafter. Rate of leaf rust
increase (r-value) was estimated using the following formula
adopted by Van der Plank (1963),
r-Value ¼ 1
t2  t1 loge
X2
1 X2  loge
X1
1 X1
 
where X1 = the proportion of the infected leaf area (disease
severity) at date t1; X2 = the proportion of the infected leaf
area (disease severity) at date t2; t2  t1 = the interval in days
between these dates.nt at seedling stage adopted by Johnston and Browder (1966).
Symptoms
No uredia or other macroscopic sign of infection
No uredia, but hypersensitive necrotic or chlorotic ﬂecks present
Small uredia surrounded by necrosis
Small to medium uredia surrounded by chlorosis or necrosis
Medium-sized uredia that may be associated with chlorosis
Large uredia without chlorosis or necrosis
Random distribution of variable-sized uredia on single leaf
Table 4 Response of 42 Egyptian wheat varieties to leaf rust
infection during 2010/11 and 2011/12 growing seasons.
No. Variety Seedling reaction Adult plant reaction
2010/11 2011/12 2010/11 2011/12
1 Sakha 8 0 1 10 S 10 MS
2 Sakha 61 3 3 50 S 70 S
3 Sakha 69 2 2 70 S 5 S
4 Sakha 88 2 2 60 S 60 S
5 Sakha 92 3 4 20 S 60 S
6 Sakha 93 2 2 5 S 20 MS
7 Sakha 94 1 2 10 R Tr R
8 Giza 139 4 3 10 S 30 S
9 Giza 144 3 3 5 MS 5 S
10 Giza 150 3 3 40 S 20 S
11 Giza 155 4 3 20 S 30 S
12 Giza 156 2 2 10 S 10 S
13 Giza 157 3 4 10 S 20 S
14 Giza 160 3 4 70 S 80 S
15 Giza 162 3 3 40 S 10 S
16 Giza 163 1 2 50 S 80 S
17 Giza 164 1 1 90 S 80 S
18 Giza 165 4 3 90 S 90 S
19 Giza 167 3 3 50 S 90 S
20 Giza 168 2 2 10 MR 20 MR
21 Gemmiza 1 2 1 10 S 70 S
22 Gemmiza 3 3 4 40 S 40 S
23 Gemmiza 5 3 3 10 MR 40 S
24 Gemmiza 7 4 4 20 S 80 S
25 Gemmiza 9 0 1 10 MR 20 MR
26 Gemmiza 10 1 1 5 MR 20 MR
27 Gemmiza 11 2 2 10 MR 5 MR
28 Sids 1 3 3 80 S 20 S
29 Sids 2 3 4 70 S 20 MS
30 Sids 3 4 4 60 S 30 S
31 Sids 4 2 2 20 S 20 S
32 Sids 5 1 2 5 S 20 S
33 Sids 6 2 2 Tr MR 5 MS
34 Sids 7 2 2 Tr MR 5 MS
35 Sids 8 1 1 5 S 10 MS
36 Sids 9 2 1 5 S 40 S
37 Sids 12 0 0; Tr MR 20 MR
38 Sids 13 2 2 10 MR 10 R
39 Shandwel 1 2 2 5 MS 10 MR
40 Misr 1 2 2 Tr MR 5 R
41 Misr 2 1 2 5 MR 5 MR
42 Beniswef 4 2 2 5 MS 5 MS
0, 0;, 1, 2 = resistance response, 3 and 4 = susceptibility response.
R: Resistant, MR: Moderately Resistant, MS: Moderately
Susceptible.
S: Susceptible, Tr: Trace (<5%), 0: Immune.
Screening of wheat genotypes for leaf rust resistance 33Response of wheat cultivars along with grain yield investigation
Varied responses of wheat i.e. susceptible, partially resistant
and resistant were concerned to determine the role of varied
levels of adult plant resistance in reducing the yield loss caused
by leaf rust infection. Nine Egyptian wheat cultivars i.e. Sakha
61, Giza164, Gemmiza7 (susceptible), Sakha93, Sida1, Sids3
(partially resistant) and Sakha94, Giza168 and Misr2 (resis-
tant) were selected to determine the effect of leaf rust infection
on grain yield using 1000-kernel weight.
The experiment was carried out in a split-plot design with
three replicates during 2011/12 growing season. The main plots
were represented by protected and infected plants. Subplots
were represented by the tested wheat cultivars within each
block. The tested cultivars were sown in three rows within
plots. All cultural practices recommended in the commercial
ﬁelds were applied. Surrounding infected spreader was used
for inoculation as previously mentioned. Plants treated with
the 5% liquid fungicide sumi-8 (Diniconazol-M) at the concen-
tration of 35 cm3/100 L water served as protected control
treatment.
At harvest, 1000-kernels weight were estimated as yield
indicator. Yield loss was calculated as the difference among
the protected and infected treatments using the following equa-
tion adopted by Calpouzos et al. (1976),
Loss ð%Þ ¼ 1 yd=yh 100
where yd = yield of disease plants (infected treatment);
yh = yield of healthy plant (protected treatment).
Data were transformed before subjection to analysis of
variance using IRRI Stat Computer Program. Means were
compared using LSDmethod (Steel and Torrie, 1980) and mul-
tiple range test (Duncan, 1954).
Theory
New sources of resistance in wheat genotypes i.e. Egyptian
varieties and monogenic lines could be incorporated into
wheat to diverse the existing gene pool for leaf rust resistance.
The genes found effective against leaf rust may be deployed
singly or in combination with high yielding genes to develop
resistant high-yielding wheat cultivars.
Results
Response of Egyptian wheat varieties to leaf rust disease
Seedling and adult plant reaction of 42 Egyptian wheat varie-
ties against P. triticina are shown in Table 4. Data about the
seedling reaction showed a range of infection types within
wheat varieties but not found within growing seasons. Among
42 varieties tested, 25 varieties (Sakha8, 69, 88, 93 and 94;
Giza156, 163, 164 and 168; Gemmiza1, 9, 10 and 11; Sids4,
5, 6, 7, 8, 9, 12 and 13; Shandwel 1; Misr1, 2 and Beniswef
4) exhibited resistance response during both seasons rated 0;,
1 and 2 infection types. The rest varieties exhibited susceptible
response recording infection types 3 and 4.
Data of the adult plant reaction showed a range of response
levels of the tested Egyptian wheat varieties to leaf rust disease
during both growing seasons. Among 42 wheat varieties tested,only twelve varieties i.e. Sakha94 (rated R), Giza168, Gemmi-
za5, Gemmiza9, Gemmiza10, Gemmiza11, Sids6, Sids7,
Sids12, Sids13, Misr1 and Misr2 (rated MR) showed resistance
to leaf rust in the ﬁrst growing season (2010/11) while, only ten
wheat varieties i.e. Sakha94, Sids13 and Misr1 (rated R),
Giza168, Gemmiza9, Gemmiza10, Gemmiza11 and Sids12,
Shandweel1, and Misr2 (rated MR) showed resistance in the
second growing season (2010/11). The remaining varieties
showed susceptibility ranged between 5MS and 90S. Nine
wheat varieties, Sakha94, Giza168, Gemmiza9, Gemmiza10,
Gemmiza11, Sids12, Sids13, Misr1 and Misr2 showed resis-
34 I.S. Draz et al.tance response throughout the obtained data coincident along
with the two growing seasons.
It is worthy to note that the nine wheat varieties, Sakha94,
Giza168, Gemmiza9, Gemmiza10, Gemmiza11, Sids12,
Sids13, Misr1 and Misr2, exhibited seedling and adult plant
resistance during the two growing seasons.
Response of monogenic wheat lines to leaf rust disease
Seedling reaction of 41 monogenic lines shown in Table 5 indi-
cated that among 41 Lr genes tested, only 13 Lr genes ( Lr9,
Lr10, Lr11, Lr16, Lr18, Lr19, Lr26, Lr27, Lr29, Lr30, Lr34,Table 5 Response of 41 monogenic lines (Lr genes) to leaf
rust infection during 2010/11 and 2011/12 growing seasons.
No. Lr gene Seedling reaction Adult plant reaction
2010/11 2011/12 2010/11 2011/12
1 Lr1 3 3 Tr S Tr S
2 Lr2a 4 3 Tr MR 10 S
3 Lr2b 3 4 Tr MR 70 S
4 Lr2c 3 3 5 MS 5 MR
5 Lr3 3 3 5 MS 20 MS
6 Lr3ka 4 3 0 60 S
7 Lr9 2 2 0 5 MS
8 Lr10 2 2 Tr MS Tr R
9 Lr11 2 2 5 MS 90 S
10 Lr12 3 3 Tr S 20 S
11 Lr13 4 4 5 S 30 S
12 Lr14b 3 3 Tr S 80 S
13 Lr15 4 3 5 MS 70 S
14 Lr16 2 1 5 S 60 S
15 Lr17 3 3 Tr S 20 S
16 Lr18 0 1 5 MR 10 MS
17 Lr19 2 2 0 Tr R
18 Lr20 3 3 Tr MR Tr MR
19 Lr21 4 3 0 Tr R
20 Lr22a 4 4 Tr R Tr MS
21 Lr22b 3 4 Tr MS 10 MS
22 Lr23 3 3 Tr MS 80 S
23 Lr24 3 3 Tr R 10 MR
24 Lr25 3 3 0 90 S
25 Lr26 1 0 5 S 10 MS
26 Lr27 0 0 10 MS 5 MS
27 Lr28 3 4 10 MS Tr S
28 Lr29 0 0 Tr R 10 MR
29 Lr30 2 1 Tr MR 20 MR
30 Lr32 3 3 Tr MR 20 MR
31 Lr33 3 3 5 MS 20 MS
32 Lr34 2 2 Tr MR 20 MR
33 Lr35 3 3 Tr S 20 MS
34 Lr36 3 3 Tr S 60 S
35 Lr37 3 4 10 MS 20 MS
36 Lr40 4 3 Tr MS 60 S
37 Lr41 3 4 Tr MS 20 MS
38 Lr42 1 0 Tr MS 30 MS
39 Lr43 3 3 Tr MR 10 MS
40 Lr44 3 3 5 R 10 R
41 Lr46 2 2 Tr R 10 MS
0, 0;, 1, 2 = resistance response, 3 and 4 = susceptibility response.
R: Resistant, MR: Moderately Resistant, MS: Moderately
Susceptible.
S: Susceptible, Tr: Trace (<5%), 0: Immune.Lr42 and Lr46) exhibited resistance response to leaf rust at
both seasons rated 0;, 1 and 2 infection types. The remaining
Lr genes showed susceptibility i.e. 3 and 4 infection types.
Data of adult plant reaction shown in Table 5 revealed that
the level of susceptibility in 2010/2011 growing season was
lower than that observed in 2011/12 growing season, it was
not exceed 5S in 2010/11 growing season. However, it reached
90S in 2011/12 growing season. In 2010/11 growing season, 18
Lr genes i.e. Lr3ka, Lr9, Lr19, Lr21, Lr25 (rated 0), Lr22a,
Lr24, Lr29, Lr44, Lr46 (rated R) and Lr2a, Lr2b, Lr18,
Lr20, Lr30, Lr32, Lr34 and Lr43 (rated MR) exhibited resis-
tance response. However, the remaining Lr genes showed
low susceptibility ranged between TrMS and 5S. In 2011/12
growing season most of the tested Lr genes showed high sus-
ceptibility reached 90S. However, only 11 Lr genes i.e. Lr10,
Lr19, Lr21, Lr44 (rated R), Lr2c, Lr20, Lr24, Lr29, Lr30,
Lr32, Lr34 (rated MR) showed resistance. It was also observed
that the Lr genes, Lr19, Lr20, Lr21, Lr24, Lr29, Lr30, Lr32,
Lr34 and Lr44 showed resistance at both growing seasons.
It is worthy to note that the four monogenic wheat lines,
Lr19, Lr29, Lr30 and Lr34, exhibited seedling and adult plant
resistance to leaf rust disease during the two growing seasons.
Partial resistance traits of Egyptian wheat varieties
Partial resistance (slow rusting) of wheat seedlings (Table 6)
indicated the absence of varied values in slow rusting parame-
ters within seasons but were found within varieties. The slow-
rusting varieties had long incubation period (IP) as well as long
latent period (LP). So, the tested wheat varieties were classiﬁed
into their groups according to the components of partial resis-
tance. The incubation period ranged between 6 and 9 days.
Four varieties (Sids12, Sids13, Misr1 and Misr2) recorded
the longest incubation period (9 days) followed by six varieties
(Sakha94, Giza168, Gemmiza9, Gemmiza10, Gemmiza11 and
Shandweel1) recorded 8.5 days and seven varieties (Sakha93,
Sids4, Sids5, Sids6, Sids7, Sids8 and Beniswef4) recorded
8 days as means of incubation period. The rest of varieties
exhibited short IP ranging between 6 and 7.5 days which are
considered fast-rusting varieties.
Data in Table 6 also revealed that the latent period ranged
between 8 and 13.5 days. The longest LP were found in two
varieties (Sids12 and Misr2) recording 13.5 days followed by
Sakha94 and Misr1 (12.5 days); Sids13 (12 days); Giza168
and Gemmiza9 (11.5 days); Sids7 and Beniswef4 (11 days)
and each of Sakha93, Gemmiza11 and Sids6 (10.5 days) in
mean of LP. Such 12 varieties were considered have partial
resistance traits (slow rusting varieties) to leaf rust. The rest
varieties exhibited short LP ranged between 8 and 10 days
which considered fast-rusting varieties.
Adult plant data (Table 7) revealed the partial resistance
traits (ACI, AUDPC and r-value) of 29 Egyptian varieties
which exhibited susceptibility (S and MS) to leaf rust during
both growing seasons. Data showed a discrepancy in the val-
ues of partial resistance within parameters, varieties and sea-
sons. Concerning with ACI values, it could be concluded
that the varieties, Sakha8, Sakha93, Giza144, Giza155,
Giza156, Giza157, Sids4, Sids5, Sids8 and Beniswef4 having
ACI values up to 20 were marked as possessing high level of
partial resistance at both growing seasons. Based on the
AUDPC values, the wheat varieties, Sakha8, Sakha93,
Table 6 Partial resistance traits to leaf rust (incubation period and latent period) in seedlings of 42 Egyptian varieties.
No. Variety Incubation period (day) Mean Latent period (day) Mean
2010/11 2011/12 2010/11 2011/12
1 Sakha 8 7 8 7.5 9 9 9.0
2 Sakha 61 7 6 6.5 8 8 8.0
3 Sakha 69 7 7 7.0 8 8 8.0
4 Sakha 88 8 7 7.5 9 8 8.5
5 Sakha 92 7 6 6.5 8 8 8.0
6 Sakha 93 8 8 8.0 10 11 10.5
7 Sakha 94 8 9 8.5 12 13 12.5
8 Giza 139 6 7 6.5 8 8 8.0
9 Giza 144 7 7 7.0 8 9 8.5
10 Giza 150 7 7 7.0 8 8 8.0
11 Giza 155 6 7 6.5 8 8 8.0
12 Giza 156 7 7 7.0 9 9 9.0
13 Giza 157 7 7 7.0 8 9 8.5
14 Giza 160 6 7 6.5 8 8 8.0
15 Giza 162 7 7 7.0 8 9 8.5
16 Giza 163 6 7 6.5 8 8 8.0
17 Giza 164 6 6 6.5 8 8 8.0
18 Giza 165 6 6 6.5 8 8 8.0
19 Giza 167 7 6 6.5 8 8 8.0
20 Giza 168 8 9 8.5 11 12 11.5
21 Gemmiza 1 7 6 6.5 8 8 8.0
22 Gemmiza 3 7 7 7.0 9 9 9.0
23 Gemmiza 5 8 7 7.5 10 9 9.5
24 Gemmiza 7 6 7 6.5 8 8 8.0
25 Gemmiza 9 9 8 8.5 11 12 11.5
26 Gemmiza10 8 8 8.5 9 9 9.0
27 Gemmiza11 9 8 8.5 11 10 10.5
28 Sids 1 6 7 6.5 8 8 8.0
29 Sids 2 6 7 6.5 8 9 8.5
30 Sids 3 7 7 7.0 8 8 8.0
31 Sids 4 8 8 8.0 9 9 9.0
32 Sids 5 8 8 8.0 9 9 9.0
33 Sids 6 8 8 8.0 11 10 10.5
34 Sids 7 8 8 8.0 11 11 11.0
35 Sids 8 8 8 8.0 9 10 9.5
36 Sids 9 7 7 7.0 9 8 8.5
37 Sids 12 9 9 9.0 13 14 13.5
38 Sids 13 9 9 9.0 12 12 12.0
39 Shandwel 1 8 9 8.5 10 10 10.0
40 Misr 1 9 9 9.0 12 13 12.5
41 Misr 2 9 9 9.0 13 14 13.5
42 Beniswef 4 8 8 8.0 11 11 11.0
Screening of wheat genotypes for leaf rust resistance 35Giza139, Giza144, Giza155, Giza156, Giza157, Sids4, Sids5,
Sids8 and Beniswef4 were marked as possessing high level of
partial resistance recording AUDPC values up to 332.5 at both
growing seasons. As regards r-value of the tested wheat varie-
ties could be classiﬁed into two groups. The ﬁrst included the
wheat varieties exhibiting r-value up to 0.101. The second
group included wheat varieties showing r-value up to 0.122.
The wheat varieties, Sakha8, Sakha93, Giza139, Giza144,
Giza155, Giza156, Giza157, Sids4, Sids5, Sids8 and Beniswef4
exhibited r-value up to 0.101 and were marked as having high
level of partial resistance at both growing seasons.
In general, 14 wheat varieties (Sakha8, Sakha93, Giza139,
Giza144, Giza155, Giza156, Giza157, Gemmiza1, Gemmiza7,
Sids4, Sids5, Sids8, Sids9 and Beniswef4) were marked as pos-
sessing high level of partial resistance based on the three
parameters (ACI, AUDPC and r-value) at the ﬁrst growing
season (2010/11). Whereas, 15 varieties (Sakha8, Sakha93,Sakha69, Giza144, Giza150, Giza155, Giza156, Giza157,
Giza162, Sids1, Sids2, Sids4, Sids5, Sids8 and Beniswef4) were
marked as possessing high level of partial resistance based on
the three parameters at the second growing season (2011/12). It
was also observed that 10 wheat varieties, Sakha8, Sakha93,
Giza144, Giza155, Giza156, Giza157, Sids4, Sids5, Sids8 and
Beniswef4 were marked as possessing high level of partial resis-
tance based on the three parameters at both growing seasons
recording ACI less than 20%, AUDPC less than 332.5 and
r-value less than 0.101.
Response of wheat cultivars along with grain yield
The effect of leaf rust infection on the grain yield of nine wheat
cultivars was estimated under ﬁeld conditions in the 2011/12
growing season to characterize and determine the capacity of
wheat cultivars to tolerate these infections. The total 1000-kernel
Table 7 Partial resistance traits of adult plant in 29 wheat varieties against leaf rust disease during 2010/11 and 2011/12 growing
seasons.
No. Variety ACI AUDPC r-Value
2010/11 2011/12 2010/11 2011/12 2010/11 2011/12
1 Sakha 8 10 8 80.5 81.2 0.090 0.059
2 Sakha 61 50 70 420.0 822.5 0.140 0.180
3 Sakha 69 70 5 700.0 84.0 0.144 0.025
4 Sakha 88 60 60 735.0 714.0 0.123 0.170
5 Sakha 92 20 60 175.0 780.5 0.111 0.184
6 Sakha 93 5 16 49.0 182.0 0.053 0.072
7 Giza 139 10 30 80.5 332.5 0.090 0.099
8 Giza 144 4 5 32.2 28.0 0.087 0.050
9 Giza 150 40 20 367.5 315.0 0.120 0.038
10 Giza 155 20 20 182.0 182.0 0.084 0.084
11 Giza 156 10 10 80.5 113.4 0.090 0.071
12 Giza 157 10 20 134.4 185.5 0.071 0.099
13 Giza 160 70 80 700.5 805.0 0.144 0.170
14 Giza 162 40 10 507.5 113.4 0.120 0.071
15 Giza 163 50 80 472.5 710.5 0.140 0.231
16 Giza 164 90 80 766.5 735.0 0.269 0.170
17 Giza 165 90 90 841.4 980.0 0.280 0.209
18 Giza 167 50 90 430.5 892.5 0.165 0.244
19 Gemmiza1 10 70 115.5 745.5 0.090 0.205
20 Gemmiza3 40 40 384.3 437.5 0.120 0.120
21 Gemmiza7 20 80 231.0 805.0 0.074 0.170
22 Sids 1 80 20 694.4 297.5 0.242 0.074
23 Sids 2 70 16 745.5 182.0 0.180 0.072
24 Sids 3 60 30 717.5 332.5 0.159 0.099
25 Sids 4 20 20 175.0 185.5 0.057 0.099
26 Sids 5 5 20 49.0 185.5 0.053 0.099
27 Sids 8 5 8 70.0 81.2 0.025 0.101
28 Sids 9 5 40 70.0 367.5 0.025 0.120
29 Beniswef4 4 4 22.4 22.4 0.074 0.074
ACI, average coefﬁcient of infection, AUDPC, area under disease progress curve.
r-Value, rate of leaf rust increase.
36 I.S. Draz et al.weight loss (%) were estimated in susceptible, partially
resistant and resistant wheat cultivars.
Data presented in Table 8 showed that the 1000-kernel
weight (g) of the healthy plants (protected treatment) of all cul-
tivars was higher than that of the infected ones. The suscepti-Table 8 Response of nine wheat cultivars along with grain yield un
Plant response Cultivar Adult plant
reaction
1000
Infe
Susceptible Sakha 61 70 S 37.4
Giza 164 90 S 41.4
Gemmiza7 80 S 41.6
Partially resistant Sakha 93 20 MS 39.3
Sids 1 20 S 42.7
Sids 3 30 S 44.3
Resistant Sakha 94 Tr R 43.2
Giza 168 20 MR 40.7
Misr 2 5 MR 41.5
Data with the same letter(s) within columns are not signiﬁcantly differen
R: Resistant, MR: Moderately Resistant, MS: Moderately Susceptible, S
** LSD at 1%= 2.88.
* LSD at 5%= 1.22.ble cultivars, Gemmiza7, Sakha61 and Gize164 showed high
signiﬁcant differences between protected and infected plants
recording 5.53, 5.16 and 4.14 g, respectively. However, nonsig-
niﬁcant differences were found in the resistant cultivars i.e.
Giza168 (0.78 g), Misr2 (1.04 g) and Sakha94 (1.09 g). Also,der ﬁeld conditions during 2011/2012 growing season.
-Kernel weight (g) Diﬀerence Losses (%)
cted Protected
8 f 42.64 d 5.16** 12.10**
5 cd 45.59 b 4.14** 9.08**
3 c 47.16 a 5.53** 12.24**
7 e 41.36 e 1.99* 4.67*
4 b 45.25 b 2.51* 5.56*
7 a 47.63 a 3.26** 6.84**
6 b 44.35 c 1.09ns 2.46ns
3 d 41.51 e 0.78ns 1.87ns
4 cd 42.65 d 1.04ns 2.44ns
t.
: Susceptible.
Screening of wheat genotypes for leaf rust resistance 37analysis of data indicated a strong negative correlation
between the disease level and grain yield. The highest signiﬁ-
cant loss percentages in 1000-kernel weight were found in sus-
ceptible wheat cultivars i.e. Gemmiza7, Sakha61 and Giza164
(12.24%, 12.10% and 9.08%, respectively). However, insignif-
icant loss percentages were found in resistant cultivars i.e.
Giza168 (1.87%), Misr2 (2.44%) Sakha94 (2.46%). Partially
resistant cultivars, Sakha93, Sids1 and Sids3 exhibited low lev-
els of grain yield loss, recording 4.67%, 5.56% and 6.84% loss
in 1000-kernel weight.
Discussion
Leaf rust of wheat has been one of the most serious diseases in
Egypt, causing yield loss up to 50%. The disease become very
serious on the susceptible varieties when they are sown at late
dates due to the favorable climatic conditions in Egypt.
(Abdel-Hak et al., 1980; Appel et al., 2009). Genetic resistance
is the most economic and effective means of reducing yield
losses caused by leaf rust disease (Liu and Kolmer, 1997b).
Breeding disease resistance genotypes is a continuous process
and plant breeders need to add new effective genes to their
breeding materials. The present investigation deals new
sources of resistance that can be incorporated into wheat to
escape heavy yield losses wreaked by the leaf rust disease.
The obtained results of seedling and adult plant reaction
showed that the Egyptian wheat varieties (Sakha94, Giza168,
Gemmiza9, Gemmiza10, Gemmiza11, Sids12, Sids13, Misr1
and Misr2) exhibited seedling and adult plant resistance during
both growing seasons (2010/11 and 2011/12). Consequently
this result may add a depth of their resistance to be exploited
as good sources of resistance. It was also observed that 20 Lr
genes, Lr2a, Lr2b, Lr2c, Lr3ka, Lr9, Lr10, Lr18, Lr19, Lr20,
Lr21, Lr22a, Lr24, Lr25, Lr29, Lr30, Lr32, Lr34, Lr43, Lr44
and Lr46 proved to have a good degree of adult plant resis-
tance and could be taken in consideration of future breeding
programs for successful rust resistance. Such results are in
agreement with Kolmer (1996), Liu and Kolmer (1997a),
Tomar and Menon (1998), Tariq et al. (2003) and Abdul
(2011).
It could be concluded that resistant wheat cultivars,
Sakha94, Giza168, Gemmiza9, Gemmiza10, Gemmiza11,
Sids12, Sids13, Misr1 and Misr2 may include some resistant
set of Lr genes such as Lr2c, Lr9, Lr10, Lr18, Lr19, Lr21,
Lr24, Lr26 and Lr29. These Lr genes plus the detected resistant
cultivars are considered superior and excellent as resistant
wheat entries against leaf rust in breeding programs. These
results were supported by the ﬁnding of McVey et al. (2004),
Stepien et al. (2003), Najeeb et al. (2005), Imbaby (2007),
Kolmer et al. (2007), Li et al. (2010) and Sun et al. (2011).
Partial resistance traits of wheat seedlings gave evidence to
the presence of longer incubation period (IP) and longer latent
period (LP). These parameters were often more common in 12
varieties i.e. Sids12, Misr2, Sakha94, Misr1, Sids13, Giza168,
Gemmiza9, Sids7, Beniswef4, Sakha93, Gemmiza11 and Sids6.
The reverse was recorded with the remaining tested varieties.
These results run in the same trend with those of El-Daoudi
et al. (1983), Parlevliet (1989) and EL-Shamy and Mousa
(2004). These ﬁndings would give us the ground to say that
these 12 varieties exhibited the components of slow rusting
at seedling stage.Adult plant results on partial resistance traits of 29 Egyp-
tian wheat varieties concluded that only 10 varieties i.e.
Sakha8, Sakha93, Giza144, Giza155, Giza156, Giza157, Sids4,
Sids5, Sids8 and Beniswef4 were marked as possessing high
level of partial resistance based on the used three parameters
(ACI, AUDPC and r-value) at both growing seasons recording
ACI up to 20%, AUDPC up to 332.5 and r-value up to 0.101.
Such varieties may include slow rust Lr genes. These results
run in the same trend with those of Nazim et al. (1983,
1990), Broers (1989a,b), Singh et al. (2000), Martinez et al.
(2001a,b), El-Shamy and Mousa (2004), Rosewarne et al.
(2005), Pathan and Park (2006) and Boulot (2007).
Partial resistance was assumed to be more durable com-
pared to resistance conditioned by single major resistance
genes, because it is inherited polygenically (Parlevliet, 1985).
Also, Hussain et al. (1999) concluded that durable rust resis-
tance mechanism in wheat is achieved through incorporation
of partially resistant minor genes which seems to be more
appropriate solution for sustainable wheat production.
Response of wheat cultivars along with grain yield (1000-
kernel weight) indicated the presence of inverse relation
between the disease level and grain yield. The highest signiﬁ-
cant loss percentages were found in susceptible wheat cultivars
i.e. Gemmiza7, Sakha61 and Giza164 (12.24%, 12.10% and
9.08%, respectively). However, insigniﬁcant loss percentages
were found in resistant cultivars i.e. Giza168 (1.87%), Misr2
(2.44%) Sakha94 (2.46%). Partially resistant cultivars,
Sakha93, Sids1 and Sids3 exhibited low levels of grain yield
loss. It was observed that 1000-kernel weight was affected by
leaf rust infection and could be used to estimate loss in yield
due to disease infection. Such results are in agreement with
Liu and Kolmer (1997b), Singh et al. (1991), El-Daoudi et al.
(1983, 1987), Herrera-Foessel et al. (2006) and Kassem et al.
(2011).Conclusion
It could be concluded that the local studies on the leaf rust dis-
ease including the determination of the response of commer-
cially cultivated cultivars and monogenic lines are of great
beneﬁts for wheat breeders. Cultivating of resistant cultivars
such as Misr2, Giza168 and Sakha94 is recommended to
escape heavy yield losses due to leaf rust. Such cultivars plus
the promising lines such as Lr19, Lr29 and Lr34 could be used
for breeding wheat genotypes with higher levels of resistance
and negligible yield losses. Besides, plant breeders cooperation
with pathologists should be encouraged, appreciated as well as
accounted for to continuously monitor rust situation and
evolve resistant varieties to ensure food security of Egypt.References
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